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United States Patent Office 

3,019,804 
FLUID FLOW AND PRESSURE CONTROL 

SYSTEMS 
Henry A. Miller, Jr., Scotch Plains, N.J., assignor to Air 

Rediction Company, Incorporated, New York, N.Y., a 
corporation of New York 

Fied Jan. 5, 1959, Ser. No. 784,987 
19 Claims. (C. 137-64) 

The invention relates to means for controlling or 
regulating the flow and pressure of a fluid in a vessel, and 
is more particularly directed to improved means for con 
trolling the flow and pressure of a gas in a suit for air 
craft personnel. 

During level flight in a pressurized aviation suit, it is 
necessary to introduce breathing gases or oxygen into the 
suit, or the loop circuit including the suit, at a rate equal 
to the rate of human consumption. During a dive, a 
relatively large quantity of gas must be delivered to the 
loop circuit in order to rapidly pressurize the suit, and 
during a climb, a large amount of gas must be vented to 
de-pressurize the suit. Where, for example, a minimum 
pressure of 5 p.s.i.a. is to be maintained in the loop 
circuit, the pressure of the ambient atmosphere is not 
available for controlling or regulating the supply and 
relief of gas to and from the loop circuit above an equiva 
lent or critical altitude of 27,500 feet; the supply and relief 
of gas to and from the loop circuit, and control of the 
pressure within the loop circuit, must be provided for in 
some other manner. 
An object of the invention is to provide means for 

controlling the pressure in a vessel by utilizing the flow of 
fluid into and out of the vessel to maintain a desired pre 
determined pressure within the vessel at a differential 
with respect to varying ambient pressure during one phase; 
and, during a second or so-called absolute phase, to main 
tain the desired vessel pressure independently of ambient 
pressure variation, the two phases being successively or 
alternately operable, with the transition from one phase 
to the other occurring smoothly and automatically. 
Another object of the invention is more particularly 

directed to a pressure control device or system which is 
adapted for inclusion in a loop circuit for a pressurized 
aviation suit, the system to respond automatically, sensi 
tively and accurately to a slight signal or deviation from 
the desired pressure within the loop circuit to furnish 
the unusually disparate flow requirements involved; that 
is, the relatively small quantity of gas as required for 
metabolic make-up during level flight, as well as the 
comparatively large quantities of gas to, and the relief 
of gas from, the loop circuit, as required during rapid 
descents and ascents, respectively. 
A further object of the invention is to provide a pres 

sure control system which utilizes the relatively high 
pressure of a gas supplied to the system as the control fluid 
to pneumatically amplify small pressure deviations from 
the desired pressure within the loop circuit to signal the 
actuation of comparatively large forces, thereby affording 
improved regulation characteristics, together with satis 
factory immunity to the forces of acceleration, or decelera 
tion, upon the parts of the control system. 
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Still another object of the invention resides in the 
provision of a primary control element, rather than a 
secondary pilot operated valve, to supply the relatively 
Small rate of gas flow required for human metabolic make 
up, though the supply valve is closed. 
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Still a further object of the invention is to provide a 
System for controlling the pressure in a loop circuit during 
the differential and absolute pressure phases, which is 
operable without necessitating continuous external bleed 
ing and the waste of gas to the atmosphere, while afford 
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ing a system which is accurate, sensitive and free of 
temperature influences. 
Another object of the invention is to contain a pressure 

control system of the type under consideration within a 
small and compact device, thereby desirably affording 
economy of size and weight. 
An object of the invention is to provide a fluid supply 

and pressure control system which embodies a combina 
tion of the advantages as outlined above. 
While the fluid supply and pressure control means of 

the invention is particularly suitable for use in a respiration 
circuit for circulating breathing gases or oxygen to a 
pressurized flying suit, it will be understood that the device 
of the invention may be used wherever accurate control 
of fluid flow and pressure are required. 

These, and other objects and advantages of the inven 
tion will be more clearly understood from the following 
detailed description, taken in conjunction with the draw 
ings of a preferred embodiment of the invention, in which: 

FIG. 1 is a diagrammatic view of a respiration or loop 
circuit having a device providing the pressure control 
system of the invention connected in the circuit; 

FIG. 2 is a schematic diagram of the pressure control 
system provided by the device connected in the loop 
circuit of FIG. 1; 

FIG. 3 is a side elevation, partly broken away and in 
section, of the pressure control device; 

FIG. 4 is a top view of the device shown in FIG. 3; 
FIG. 5 is a vertical cross-sectional view taken approxi 

mately in the planes of line 5-5 of FIG. 4; 
FIG. 6 is a vertical cross-sectional view taken approxi 

mately in the plane of line 6-6 of FIG. 4; 
FIG. 7 is a view taken approximately in the planes 

of line 7-7 of FIG. 5, this view being taken rearwardly 
of the plane viewed in FIG. 5; and 

FIG. 8 is an enlarged view, partly in section, showing 
the relationship of the ambient pressure sensing means 
and the absolute pressure sensing means with respect to a 
common responsive means related to a control nozzle. 
As shown in FIG. 1, a suitable source A of breathing 

gas or oxygen is in communication with an aviation suit 
B through a loop circuit, which includes a carbon dioxide 
absorber canister C, gas circulating means, such as a 
pump D, and a heat exchanger E. A pressure control 
device F in accordance with the invention is connected in 
the loop circuit in communication with the gas source on 
inlet side it of the device, with the canister on its outlet 
side 12, and with the outlet side of the suit at 4. The 
gas source may be a high pressure storage cylinder pro 
vided with a regulator to deliver to the device F approxi 
mately 600 c.f.h. of oxygen at a nominal pressure of be 
tween 50 and 150 p.s. i.g. A pressure of 75 p.s.i.g. is 
preferred. If desired, the inlet side 10 of the control de 
vice may be connected to the delivery valve of a liquid 
oxygen converter. The loop circuit flows directly through 
the pressure control device F. 

In accordance with the invention, and as schematically 
illustrated in FIG. 2, the fluid flow and pressure control 
System provided by the device F comprises pressure re 
sponsive valve actuating means 16 to open and close both 
a supply or delivery valve 18 and a relief valve 20. If 
desired, the relief valve may be located elsewhere, and 
otherwise actuated. It is preferred, however, to individu 
ally actuate both valves by the single actuating means 16. 
The valve actuating means is preferably in the form of a 
resiliently mounted diaphragm. If desired, an O-ring type 
of piston may be used. A shaft 22 connects the valve ac 
tuating diaphragm to the supply valve, and through an 
intermediate link 24, to the relief valve. If the gas 
delivered to the device F requires the removal of foreign 
matter, a filter 26 is provided at the entrance to a line or 
passage 28 leading to the supply valve. The supply valve, 
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when open, discharges gas directly into the loop circuit. 
A passage 36, also in communication with the inlet (0, 
is in communication with the left side of the valve actuat 
ing diaphragm. If the pressure of the gas entering the 
system provided by the device F is higher than the pressure 
desired at the diaphragm, a pressure regulator 32 is pro 
vided in the line 30, a passage 33 leading from the cham 
ber for the regulator to the diaphragm. As will be sub 
sequently explained, it is desired to deliver gas at a pre 
determined fixed pressure to the valve actuating dia 
phragm. 

In the preferred embodiment of the invention, a control 
circuit is provided for the valve actuating diaphragm 6 
to respectively open and close both the supply and relief 
valves 18 and 20 to meet the flow requirements of the 
system or the loop circuit in response to variations in 
pressure of the ambient atmosphere below a critical alti 
tude of 27,500 feet; and, to meet the flow requirements 
independently of ambient pressure, when the pressure of 
the ambient atmosphere is not available to signal the ac 
tuation of the valves. The control circuit for the valve 
actuating diaphragm serves to maintain a desired predeter 
mined differential pressure in the loop circuit with respect 
to the pressure of the ambient atmosphere and a minimum 
pressure at all times, despite the ineffectiveness of am 
bient pressure above the critical altitude of 27,500 feet to 
signal the addition and relief of gas to and from the loop 
circuit. Also, as will be subsequently explained, the con 
trol circuit is arranged to discharge a quantity of gas di 
rectly into the loop circuit which is adequate for average 
respiration needs or metabolic make-up so that periodic 
actuation of a secondary supply valve may be eliminated 
if the loop circuit does not otherwise require the supply of 
gas. If desired, the control circuit may be related to a 
supply valve only, instead of both to supply and relief 
valves. 
The control circuit comprises a passage 34 in commu 

nication with the right side of the valve actuating dia 
phragm 16 and a passage 35 in communication with the 
left side of the diaphragm. An adjustable restricted ori 
fice 36 is provided in the passage 35. The size of the 
orifice is adjusted and set to provide a differential pres 
Sure across the valve actuating diaphragm sufficient to 
cause movement of the supply and relief valves and to 
compensate for their spring loadings. The passages 34 
and 35 communicate with a line 37 which terminates in a 
nozzle 33. Cooperating control means 40 is provided for 
regulating the flow from the nozzle and thereby control 
the position of the valve actuating diaphragm. Such 
means is preferably in the form of a fiapper pivotally 
mounted at 42 for cooperation of an end thereof with the 
nozzle opening. The flapper is arranged so that its posi 
tional relationship with respect to the nozzle opening is 
selectively and alternately responsive to either a pressure 
sensing element 44 or a pressure sensing element 46. The 
flapper is provided with an extension 47 for engagement 
by the pressure sensing element 46. 
The pressure sensing element 44, which is preferably in 

the form of a resiliently mounted diaphragm, may be 
termed a differential or ambient pressure sensing element; 
its inner or right side is in communication with the loop 
circuit and its left side is in communication with the am 
bient atmosphere through a communicating opening 48. 
The pressure sensing element 46, which is preferably in 
the form of an aneroid bellows, may be termed an ab 
solute pressure sensing element; for it is only subject to 
pressure variations within the closed loop circuit. Its 
response is independent of pressure variations of the am 
bient atmosphere. The aneroid bellows, which is initially 
evacuated, will assume a length proportional to the Sur 
rounding loop pressure. The differential and absolute 
pressure sensing elements 44 and 46, individually and suc 
cessively, actuate the flapper 40 to control the flow of gas 
from the control nozzle 33. 
The valve actuating diaphragm 16 and the supply and 
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4. 
relief valves 18 and 26 are preferably adjusted so that 
both valves are closed in the mid-position range of the 
diaphragm. When the diaphragm is moved to the right, 
or in the direction of the arrow X, the supply valve 18 
is opened. When the diaphragm is moved to the left of 
the mid-position range, in the direction of arrow Y, the 
relief valve 20 is opened. When the discharge from the 
control nozzle 38 is maximum, the supply valve is fully 
open, and when there is no discharge from the nozzle 
opening, the relief valve is open. If the control circuit is 
used to only open and close a supply valve, the valve is 
closed when the flow from the control nozzle is zero, and 
is fully open when the flow from the nozzle is maximum. 

In the preferred form of the invention, the nozzle and 
flapper are related, with respect to the setting of the pres 
sure sensing elements 44 and 46, the valve actuating 
diaphragm 16 (and the coacting supply and relief valves), 
and the restricted orifice 36, so that when the valve actu 
ating diaphragm is in its mid-position range, and both 
valves are closed, the nozzle will be open and continuously 
discharging at a substantially uniform rate. When the 
pressure control system or device is disposed in a loop 
circuit for a pressurized suit, the continuous discharge 
from the nozzle into the loop circuit is an amount of 
gas adequate for average metabolic make-up. In this 
manner, a suitable quantity of gas for respiratory pur 
poses is supplied to the loop circuit without necessitating 
opening of the supply valve, and when large flow rates 
to pressurize the suite are not required. This feature of 
the invention eliminates the need for a secondary respira 
tory Supply valve. Thus, the control circuit serves both 
to supply respiratory needs and to control the large rates 
of flow required to pressurize and depressurize the suit. 
Such dual function of the control circuit is desirable dur 
ing level flight and in the absolute pressure phase of op 
eration, whereupon the supply valve would only be opened 
in the event that the constant supply from the control 
nozzle is somewhat less than the needs of the particular 
individual, or in the event a leak somehow developed in 
the suit or the loop circuit. 

In using the described fluid flow and pressure control 
System in a loop circuit for a pressurized flying suit, it 
is preferred to deliver gas to the valve actuating dia 
phragm 16, at a fixed pressure of 40 p.s.i.a. A pressure 
value of 40 p.s.i.a. is selected so that, assuming as much 
as a 10 p.S.i.a. drop is required to actuate the valves over 
their full range, the control nozzle 38, then supplied with 
30 p.s.i.a., is discharging to a pressure less than the 
critical pressure of approximately one-half (/2) the pres 
Sure of the gas which is supplied to the nozzle opening; 
that is, 5.0 to 15.0 p.s.i.a. The selection of a gas pressure 
of 40 p.s.i.a. for delivery to the actuating diaphragm is 
based upon maintaining a minimum pressure in the loop 
circuit (of which the described pressure control system 
is a part) of 3 inches of water pressure above ambient 
pressure down to a minimum of 5 p.s.i.a., with a pressure 
tolerance of minus Zero plus three inches of water. As 
a result, the actuator response is effectively immunized 
from the pressure variation of from 5 to 15 p.s.i.a. in the 
loop circuit. 
A further significant reason for selecting a pressure of 

40 p.s.i.a. for delivery to the valve actuating diaphragm 
and the control circuit is that such pressure, when sup 
plying a nozzle opening having a minimum hole diameter 
of approximately 0.006', will pass 0.75 c.f.h. of oxygen 
when the nozzle opening is only partially open. This 
quantity of oxygen approximates the average human meta 
bolic consumption rate, and as previously indicated, the 
control circuit may thus discharge a quantity of oxygen 
adequate for respiration at all times, including periods 
When the supply and relief valves are closed. 
The described pressure control System operates in a 

loop circuit in the following manner. During periods 
when the altitude is less than 27,500 feet, the aneriod bel 
lows 46 is collapsed and out of contact with the flapper 
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40; the flapper is under the control of the ambient pres 
sure sensing diaphragm 44. When the loop pressure tends 
to go below the desired differential with respect to the 
pressure of the ambient atmosphere, the ambient pres 
Sure sensing diaphragm 44 will move to the right, causing 
the flapper 4 to rotate in the direction which uncovers 
the opening of the nozzle 38, thereby increasing the flow 
of oxygen from the nozzle and into the loop circuit. 
Such increase in flow causes an increase in the pressure 
differential across the orifice 36, and across the valve 
actuating diaphragm 16. The pressure on the right side 
of the valve actuating diaphragm being reduced with re 
spect to the predetermined fixed pressure on its left side, 
the diaphragm will move to the right, in the direction of 
the arrow X, to open the supply valve 18. 
When the pressure in the loop circuit tends to go above 

the desired differential with respect to the pressure of the 
ambient atmosphere, the reverse operation occurs. The 
ambient pressure sensing diaphragm 44 moves to the left, 
actuating or rotating the flapper to reduce the discharge 
of gas from the nozzle, thereby causing a decrease in the 
pressure differential across the valve actuating diaphragm 
5. The actuating diaphragm, therefore, under the in 

fluence of its resilient mounting, is urged to the left, in 
the direction of the arrow Y, causing the supply valve to 
be closed when in mid-position range, and opening the 
relief valve 20 to relieve the loop circuit as the diaphragm 
continues to move left of mid-position range. 

During periods of decreasing ambient pressure, the dif 
ferential pressure sensing diaphragm moves to the left, 
actuating the flapper in the direction which causes a de 
crease in flow from the nozzle. Consequently, the relief 
valve is opened to vent gas from the loop circuit. As the 
pressure within the loop circuit is thus decreased, the 
aneroid sensing bellows 46 will expand. The beliows has 
been initially adjusted or pre-set to begin expanding from 
its collapsed condition when the loop pressure falls to 
a predetermined value. At such preset pressure value, 
the aneroid bellows engages the extension 47 of the 
flapper to begin the actuation thereof in the opposite di 
rection, causing the flow from the nozzle opening to be 
increased and the relief valve to be closed, thereby pre 
venting further decrease in pressure in the loop circuit. 
When this occurs the ambient pressure sensing diaphragm, 
in response to the continuing decrease of the ambient pres 
sure, has moved outwardly or to the left to an extent 
where it no longer will operate upon the flapper. The 
aneroid bellows now actuating the flapper has taken over 
the operation of the control circuit and of the valve 
actuating diaphragm, and will maintain the desired loop 
pressure independently of the pressure of the ambient at 
mosphere. Under the control of the aneroid device, the 
system continues to possess full capability in terms of 
supply and relief flow rates for the closed loop circuit. 
The Switch, transition or change-over from absolute 

pressure to differential pressure sensing control takes place 
smoothly in a reverse fashion during descents when the 
pressure of the ambient atmosphere begins to exceed 
5 p.S.i.a. 
A significant feature of the described pressure control 

system resides in the absence or the elimination of any 
external bleeding or leakage to the atmosphere through 
out the full range of operation of the system. The bleed 
ing which does occur is internal and into the closed loop 
circuit for the purpose of supplying average respiratory 
needs or incident to the control of the valve actuating dia 
phragm. Such internal leakage does not cause the device 
to be affected by variations in temperature of the ambient 
atmosphere. 

in greater detail, FiGS. 3 to 8 illustrate a preferred 
embodiment of the structural elements, and their relation 
ship, comprising the fluid flow and pressure control sys 
ten of the invention, and the manner in which the ele 
ments may be contained within a small and compact body 
or block 50. The body is drilled, hobbed and otherwise 
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6 
machined to provide the passages for the gas to the various 
elements, and the cavities to contain and to support the 
elements in desired relation. The entire assembly may 
weigh as little as 16 ounces, when made essentially of 
aluminum, and be confined in a space of approximately 
13 cubic inches. - 
As shown in FIGS. 3, 4 and 5, a fitting 52 is screw 

threaded upon an inlet member 54, the inlet member hav. 
ing a flange portion 56 which is secured to the body by 
screws 58. The fitting and inlet member are provided 
with communicating openings to allow the passage of 
gas from the source A to the inlet 10 of the body and to 
the passages 2S and 30 formed in the body and leading 
to the Supply valve 18 and the valve actuating dia 
phragm 16, respectively. As shown in FIG. 5, the filter 
26 is positioned in a recess 60 formed in the bottom of 
the inlet member 54, at the juncture of the member and 
the passages 28 and 30. As shown in FIG. 3, a flanged 
tubular fitting 62 is secured to a side of the body by 
screws 64 to provide the outlet connection 12 to the 
carbon dioxide cannister C, and a flanged tubular fitting 
66 is secured to another side of the body by screws 68 
to provide means for connection to the outlet side of 
the suit B. - 
As shown in FIGS. 5 and 7, the valve actuating dia 

phragm 16, such as a flanged, dished type as made by 
Bellofram, is secured in position against a side of the 
body 50 by a flanged cap 70, screws 72 extending through 
the flanged portion of the cap and into the body to retain 
the diaphragm therebetween. A retaining nut 74 is posi 
tioned on the central portion of the diaphragm and re 
siliently urged against the diaphragm by a coiled spring 
76. One end of the spring is seated against the cap within 
a depression 78 formed therein, and the other end bears 
against the nut. The nut is provided with an annular 
extension 80 which is internally threaded to receive the 
valve shaft 22, which connects the diaphragm to the sup 
ply valve 18 and to the relief valve 20. The shaft is in 
the form of a threaded plunger, its threaded portion 
being matingly received by the internal threaded portion 
of the nut. A shallow, dished plate 82 having a diameter 
substantially equal to the diaphragm's central flat portion 
is located intermediate the diaphragm and the nut, and 
a second plate 84 of similar diameter is positioned be 
tween the diaphragm and the body 50. Both plates are 
centrally apertured to allow the shaft to extend there 
through and through the diaphragm. The valve shaft is 
provided with a collar 86 having a larger diameter than 
the opening of the plate 84 against which it bears. The 
shaft has its head slotted to receive a screw driver so 
that the position of the diaphragm, assembled as described, 
may be adjusted and set, after which the cap 70 is secured 
in place. The gas delivered to the inlet 10 passes through 
the passage 30 to a chamber 88, which houses the absolute 
pressure regulator 32, and from the chamber the gas 
passes through the passage 33 to the left side of the dia 
phragm. 
As shown in FIG. 5, the supply valve 18 is located in 

a cavity 90 formed in the body, the valve shaft 22 ex 
tending into such cavity. The passage 28 is in commu 
nication with the cavity, and the terminal portion of the 
passage is formed to provide a valve seat 92 for engage 
ment by the Supply valve. The cavity, and therefore the 
Supply passage 28, is in communication with a bore 94. 
The bore becomes part of the loop circuit when the device 
is disposed in Such circuit, for it is in communication 
With the device's outlet 2 and inlet 14, or the fittings 
62 and 66, respectively. In the mid-position range of the 
valve actuating diaphragm i6, the supply valve engages 
the seat 92 and is closed. The supply valve is urged 
against the seat by a spring 96 which surrounds the shaft, 
the spring having one end thereof bearing against a spring 
retainer 98, which surrounds the shaft, the other end of 
the Spring bearing against the rear portion of the valve. 
A snap ring 100 limits the movement of the spring re 
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tainer. An O-ring is provided between the retainer and 
the wall of the cavity to provide a seal against the pas 
Sage of gas to the diaphragm assembly at this area; also, 
an O-ring is provided between the shaft and the retainer. 
The valve shaft is provided with a roll-pin 692 at the end 
thereof to prevent separation of the valve and shaft. 
The shaft end engages the relief waive link 24. 
As shown in FIGS. 3 and 5, the supply valve 18 is 

yoke-shaped or bifurcated and has a slot 04 which re 
ceives one end of the relief valve link 24. The front por 
tion 66 of the valve is provided with a recess within 
which is set a rubber plug 108 for engagement with the 
valve seat 92. The relief valve link is pivoted intermedi 
ate its ends upon a pin it. As shown in FIG. 3, the 
pivot pin is screw-threaded through the block 50 and 
extends into the bore 94. The opposite end of the link is 
pivotally connected to a rearward extension 12 of the 
relief valve 29. 
As shown in FIG. 5, the relief valve is mounted on the 

end of a screw 4 which extends through the central 
opening of a spring retainer 116. A coiled compression 
Spring i7 is disposed about the screw and bears against 
the retainer and the head of the screw. The retainer, 
which is in the form of a central hub with radially ex 
tending arms (not shown) is received in and supported at 
the ends of the arms against an internal shoulder provided 
by a valve seat 118. The valve seat is positioned in an 
opening 120 formed in the body 50. The valve seat is cir 
cumferentially flanged and is held against a shoulder 22 
formed in the body by a piate E24 secured to the body 
by screws 126. As will subsequently appear, the plate 
124 also serves to secure the ambient pressure sensing 
element 44 to the body 50. The plate engages the periph 
ery of the valve seat, and is of a contour to allow the 
head of the screw to extend beyond the side wall of 
the body and into a recess 128 provided between the plate 
and the body. The valve seat is provided with a gasket 
13G for engagement by the valve 22. An O-ring 132 is 
located between the periphery of the valve seat and the 
adjoining wall of the opening 120 to furnish a seal. 
As shown in Fig. 7, the pressure regulator 32 is located 

in the chamber 88 formed in the body 50. The regulator 
is of the spring bellows type, and is adjustable by a screw 
threaded regulator cap i34. A stem 135 extends from 
the bellows and engages a resiliently mounted ball check 
valve 136 so that the position of the valve may be adjusted 
With respect to the seat E38. In this manner the pressure 
of the gas delivered at the inlet 0 to the body, and to 
the check valve in communication with the passage 30, 
may be regulated to the desired value for delivery to the 
left side of the diaphragm E.6, the passage 33 leading from 
the regulator chamber to the diaphragm. 
As shown in FIG. 5, the line 34 in communication with 

the right side of the valve actuating diaphragm 16 is in the 
form of a short conduit extending through the cap 73. 
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This line leads to a chamber 14t surrounding the stem 
of a needle valve 42. The needle valve is externally 
threaded at 44 and natingly received in the internally 
threaded portion of the cavity 145 formed in the block 
for such valve. The needle valve cooperates with seat 
or orifice 35 located at the end of the passage 35, which 
is in communication with the left side of the diaphragm 
6. A slot 146 (F.G. 3) is provided at the screw-threaded 

portion 44 of the valve to allow the gas delivered to the 
left side of the valve diaphragm, and to the orifice 36, to 
pass through the passage 37 and to the control nozzle 38. 
A passage 41 leads from the chamber 4 to the passage 
37, the latter passage running through the nozzle, and its 
holder. As shown in FIG. 3, a threaded plug 52 is lo 
cated at the end of the passage 47 to permit a checking 
instrument to be placed on the device, and in communi 
cation with the needle valve and the control nozzle, when 
the plug is removed. The position of the needle valve 
with respect to the orifice or seat 36 is adjusted by remov 
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8 
ing the cap 143 and turning the valve stem with a screw 
driver received in a slot in the head of the valve. 
As shown in FIGS. 6 and 8, the control nozzle 38, which 

is externally screw-threaded, is received within an inter 
nally screw-threaded nozzle holder 150. The nozzle and 
nozzle holder are disposed in a bore 54 formed in the 
body 50, a bore 156 of smaller diameter being internally 
screw-threaded to receive the externally screw-threaded 
nozzle holder. O-rings are provided between the hoider 
and the wall of the cavity. The position of the nozzle 
is adjustable in the bore by rotating the nozzle holder. 
For this purpose the nozzle holder is provided with a slot 
in the head thereof for turning the element with a screw 
driver. A screw, threaded cover 58 received in the body 
closes off the bore after the adjustment has been made. 
The nozzle 38 terminates in a nozzle opening for coop 
eration with the flapper 40. 
As best shown in FIG. 8, the flapper is pivotally 

mounted at 42 on a bracket 160 having an opening 
therein allowing the end of the nozzle to extend there 
through. The flapper is provided with laterally extending 
pivot arms (not shown), a spring 62 being coiled 
about each arm and connected to the supporting bracket 
to urge the end 164 of the flapper toward the opening of 
the nozzle. The opposite end 166 of the flapper is formed 
for engagement with the ambient pressure sensing dia 
phragm 44. The diaphragm is preferably made of thin 
sheet rubber and is secured about its periphery to the 
body 50 by the aforementioned plate member 24. A 
metal diaphragm plate 172 is in engagement with the 
outer side of the diaphragm and in turn the exposed face 
of the plate is formed for engagement with a leaf spring 
i74, which provides resilient backing for the diaphragm 
and plate assembly. The plate side of the diaphragm is 
in communication with the ambient atmosphere through 
an opening 48, which extends through a diaphragm spring 
adjustment shaft 176 as shown in F.G. 6. The adjust 
ment shaft is provided with an eccentric (not shown) to 
permit adjustment of the spring loading on the diaphragm 
and plate assembly. 
The flapper 40 is provided with an extension arm 47 

which extends into a cavity 178 within which the aneroid 
device 46 is mounted. The aneroid device may be of the 
usual spring bellows type. The aneroid is in communi 
cation with the recess within which the diaphragm and 
flapper are mounted, an opening 179 leading to the bore 
94, which communicates with the loop circuit outlet 2 
and inlet 14. The aneroid device is screw-threaded at its 
mounting end and received within a matingly screw 
threaded portion formed in the body. The position of 
the aneroid bellows is adjusted in its support so that its 
opposite or working end 180 will be located in the desired 
position with respect to the end of the flapper extension 47. 

It is believed that the advantages of the invention will 
be apparent from the foregoing detailed description. The 
described pressure control device provides a desired pre 
determined pressure during the ambient pressure and 
absolute pressure phases of operation, with the transition 
or switch from one phase to the other taking place auto 
matically and smoothly. A slight signal or deviation 
from the desired pressure causes the device to auto 
matically, sensitively and accurately respond to unusu 
ally large flow requirements, as well as to the relatively 
small flow requirements for metabclic make-up. In fact, 
the pressure control device is sufficiently sensitive to fur 
nish the unusually small deviation of the individual's res 
piratory needs from the uniform discharge by the device 
for average needs, thereby obviating the need to actuate 
the supply valve when the supply valve may otherwise 
be closed. Advantage is taken of the relatively high 
pressure of the gas furnished to the pressure control de 
vice to amplify small pressure deviations from the desired 
pressure to signal the actuation of comparatively large 
forces. The foregoing advantages are accomplished in 
a small and compact unit, without any external bleed 
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ing and waste of gas to the atmosphere, and free of un 
desirable temperature influences. 

While a preferred form of the invention has been illus 
trated and described, it will be apparent that various 
changes and modifications may be made without de 
parting from the spirit and scope of the invention as 
sought to be defined by the following claims: 

claim: 
1. A fluid flow and pressure control device comprising 

a body having an inlet, an outlet, a supply valve in com 
munication with the inlet for discharging fluid, when 
open, to the outlet, pressure responsive valve actuating 
means, having a side thereof in communication with the 
inlet, connected to the supply valve, the opening and 
closing of the valve depending upon the position of the 
valve actuating means, and a control circuit for main 
taining a desired pressure with respect to the varying 
pressure of the ambient atmosphere, and alternately 
and automatically, for maintaining the desired pressure 
independently of varying ambient pressure, said con 
trol circuit comprising a nozzle in communication with 
opposite sides of said valve actuating means, said nozzle 
discharging fluid to said outlet, means mounted for co 
operation with said nozzle to control the amount of dis 
charge from the nozzle and thereby the position of said 
valve actuating means, a differential pressure sensing 
element exposed to and responsive to the pressure of 
the ambient atmosphere for actuating the nozzle con 
trol means, said pressure sensing element being rendered 
inoperable when the desired minimum pressure exceeds 
the pressure of the ambient atmosphere, and an abso 
lute pressure sensing element responsive to pressure varia 
tions within the device for actuating said nozzle control 
means, said absolute pressure sensing element being cp 
erable independently of the pressure of the ambient at 
mosphere and when the desired minimum pressure with 
in the device exceeds the pressure of the ambient at 
mosphere. 

2. A fluid flow and pressure control device compris 
ing a body having an inlet, an outlet, a supply valve 
in communication with the inlet for discharging fluid, 
when open, to the outlet, pressure responsive valve ac 
tuating means, having a side thereof in communication 
with the inlet, connected to the supply valve, the open 
ing and closing of the valve depending upon the posi 
tion of the valve actuating means, and a control circuit 
for maintaining a desired pressure with respect to the 
varying pressure of the ambient atmosphere, and alter 
nately and automatically, for maintaining the desired 
pressure independently of varying ambient pressure, 
said control circuit comprising means to provide a sub 
stantially fixed differential pressure across said valve 
actuating means, a nozzle in communication with op 
posite sides of said valve actuating means, said nozzle 
discharging fluid to said outlet, means mounted for co 
operation with said nozzle to control the amount of 
discharge from the nozzle and thereby the position of 
said valve actuating means, a differential pressure sensing 
element exposed to and responsive to the pressure of 
the ambient atmosphere for actuating the nozzle con 
trol means, said pressure sensing element being rendered 
inoperable when the desired minimum pressure exceeds 
the pressure of the ambient atmosphere, and an abso 
lute pressure sensing element responsive to pressure 
variations within the device for actuating said nozzle 
control means, said absolute pressure sensing element 
being operable independently of the pressure of the am 
bient atmosphere and when the desired minimum pres 
sure exceeds the pressure of the ambient atmosphere. 

3. A fluid flow and pressure control device compris-, 
ing a body having an inlet, an outlet, a supply valve 
in communication with the inlet for discharging fluid, 
when open, to the outlet, pressure responsive valve ac 
tuating means, having a side thereof in communication 
with the inlet, connected to the supply valve, a pressure 
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regulator in communication with said side of the valve 
actuating means to provide fluid having a predetermined 
pressure to such side, the opening and closing of the 
valve depending upon the position of the valve actuat 
ing means, and a control circuit for maintaining a de 
sired pressure with respect to the varying pressure of 
the ambient atmosphere, and alternately and automati 
cally, for maintaining the desired pressure independently 
of varying ambient pressure when the desired minimum 
pressure exceeds the pressure of the ambient atmosphere, 
said control circuit comprising an adjustable orifice in 
communication with the aforesaid side of the valve ac 
tuating means, a nozzle in communication with said 
orifice and the opposite side of said valve actuating means, 
said nozzle discharging fluid to said outlet, means 
mounted for cooperation with said nozzle to control 
the amount of discharge from the nozzle and thereby 
the position of said valve actuating means, a differential 
pressure sensing element exposed to and responsive to 
the pressure of the ambient atmosphere for actuating 
the nozzle control means, said pressure sensing element 
being rendered inoperable when the desired minimum 
pressure exceeds the pressure of the ambient atmosphere, 
and an absolute pressure sensing element responsive to 
pressure variations within the device for actuating said 
nozzle control means, said absolute pressure sensing ele 
ment being operable independently of the pressure of 
the ambient atmosphere when the desired minimum pres 
sure exceeds the pressure of the ambient atmosphere. 

4. A fluid flow and pressure control device comprising 
a body having an inlet, an outlet, a supply valve in com 
munication with the inlet for discharging fluid, when 
open, to the outlet, pressure responsive valve actuat 
ing means, having a side thereof in communication with 
the inlet, connected to the supply valve, a relief valve, 
said relief valve also being connected to the valve actuat 
ing means, the opening and closing of the valve depend 
ing upon the position of the valve actuating means, and 
a control circuit for maintaining a desired pressure with 
respect to the varying pressure of the ambient atmos 
phere, and alternately and automatically, for maintain 
ing the desired pressure independently of varying am 
bient pressure, said control circuit comprising a nozzle 
in communication with opposite sides of said: valve ac 
tuating means, said nozzle discharging fluid to said outlet, 
means mounted for cooperation with said nozzle to con 
trol the amount of discharge from the nozzle and there 
by the position of said valve actuating means, a differen 
tial pressure sensing element exposed to and responsive 
to the pressure of the ambient atmosphere for actuating 
the nozzle control means, said pressure sensing element 
being rendered inoperable when the desired minimum 
pressure exceeds the pressure of the ambient atmosphere, 
and an absolute pressure sensing element responsive to 
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pressure variations within the device for actuating said 
nozzle control means, said absolute pressure sensing ele 
ment being operable independently of the pressure of the 
ambient atmosphere and when the desired minimum pres 
sure within the device exceeds the pressure of the ambient 
atmosphere. 

5. A fluid flow and pressure control device compris 
ing a body having an inlet, an outlet, a supply valve in 
communication with the inlet for discharging fluid, when 
open, to the outlet, pressure responsive valve actuating 
means, having a side thereof in communication with the 
inlet, connected to the supply valve, a relief valve, said 
relief valve also being connected to the valve actuating 
means, the opening and closing of the valves depending 
upon the position of the valve actuating means, and a 
control circuit for automatically maintaining a desired 
pressure with respect to the varying pressure of the am 
bient atmosphere, and alternately, and automatically, for 
maintaining the desired pressure independently of vary 
ing ambient pressure, said control circuit comprising 

75 means to provide a substantially fixed differential pressure 
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across said valve actuating means, a nozzle in coin mu 
nication with opposite sides of said valve actuating means, 
said nozzle discharging fluid to said outlet, means 
mounted for cooperation with said nozzle to control the 
amount of discharge from the nozzle and thereby the 
pasition of said valve actuating means, a differential 
pressure sensing element exposed to and responsive to 
the pressure of the ambient atmosphere for actuating 
the nozzle control means, said pressure sensing element 
sing rendered inoperable when the desired minimum 

pressure exceeds the pressure of the ambient atmosphere, 
and an absolute pressure sensing element responsive to 
pressure variations within the device for actuating said 
nozzle control means, said absolute pressure sensing ele 
ment being operable independently of the pressure of 
the ambient atmosphere and when the desired minimum 
pressure exceeds the pressure of the ambient atmosphere. 

6. A fluid flow and pressure control device compris 
ing a body having an inlet, an outlet, a supply valve in 
icommunication with the inlet for discharging fluid, when 
open, to the outlet, pressure responsive valve actuating 
means, having a side thereof in communication with the 
inlet, connected to the supply valve, a relief valve, said 
relief valve also being connected to the valve actuating 
means, a pressure regulator in communication with said 
side of the valve actuating means to provide fluid hav 
ing a predetermined pressure to such side, the opening 
and closing of the valves depending upon the position 
of the valve actuating means, and a control circuit for 
maintaining a desired pressure with respect to the vary 
ing pressure of the ambient atmosphere, and alternately 
automatically, for maintaining the desired pressure in 
dependently of vary ambient pressure when the desired 
minimum pressure exceeds the pressure of the ambient 
atmosphere, said control circuit comprising an adjustable 
orifice in communication with the aforesaid side of the 
valve actuating means, a nozzle in communication with 
said orifice and the opposite side of said valve actuating 
means, said nozzle discharging fluid to said outlet, means 
mounted for cooperation with said nozzle to control the 
amount of discharge from the nozzle and thereby the 
position of said valve actuating means, a differential pres 
sure sensing element exposed to and responsive to the 
pressure of the ambient atmosphere for actuating the 
nozzle control means, said pressure sensing element being 
rendered inoperable when the desired minimum pressure 
exceeds the pressure of the ambient atmosphere, and an 
absolute pressure sensing element responsive to pressure 
variations within the device for actuating said nozzle 
control means, said absolute pressure sensing element 
being operable independently of the pressure of the am 
bient atmosphere when the desired minimum pressure 
exceeds the pressure of the ambient atmosphere. 

7. In a gas flow and pressure control device adapted 
for disposition in a loop circuit, said device comprising 
a body having a gas source inlet, an outlet and an inlet 
for a loop circuit in communication with each other, a 
supply valve in communication with the gas source inlet 
for discharging gas, when open, to said outlet, and pres 
sure responsive valve actuating means connected to the 
supply valve, the opening and closing of the valve de 
pending upon the position of the valve actuating means, 
the improvement comprising a nozzle in communication 
with the valve actuating means for discharging gas to said 
outlet, and means mounted for cooperation with said 
nozzle to control the amount of discharge from the nozzle 
and thereby the opening and closing of the supply valve, 
the nozzle and nozzle control means being related to a low 
the discharge of a substantially uniform rate of gas, 
though the valve actuating means is in a position in 
which the supply valve is closed. 

8. A gas flow and pressure control device adapted 
for disposition in a loop circuit, said device comprising 
a body having a gas source inlet, an outlet and an inlet 
for a loop circuit in communication with each other, a 
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supply valve in communication with the gas source inlet 
for discharging gas, when open, to said outlet, pres 
sure responsive valve actuating means connected to the 
supply valve, the opening and closing of the valve de 
pending upon the position of the valve actuating ineans, 
a nozzle in communication with the valve actuating lineains 
for discharging gas to said outlet, meaas mounted for 
cooperation with said nozzle to control the amoutit of 
discharge from the nozzle and thereby the opening and 
closing of the supply valve, and pressure responsive 
means for alternately and automatically actuating the 
nozzle control means to maintain a desired pressure with 
respect to the pressure of the ambient atmosphere and 
to maintain the desired pressure independently of vary 
ing ambient pressure. 

9. A gas flow and pressure control device adapted for 
disposition in a loop circuit, said device comprising a 
body having a gas source inlet, an outlet and an inlet 
for a loop circuit in communication with each other, a 
supply valve in communication with the gas source inlet 
for discharging gas, when open, to said outlet, pressure 
responsive valve actuating means, having a side thereof 
in communication with the gas source inlet, connected to 
the supply valve, the opening and closing of the valve 
depending upon the position of the valve actuating means, 
and a control circuit for maintaining a desired pressure 
at said outlet with respect to the varying pressure of the 
ambient atmosphere, and alternately and automatically, 
for maintaining the pressure independently of varying 
ambient pressure, said control circuit comprising a nozzle 
in communication with opposite sides of said valve actuat 
ing means, said nozzle discharging gas to said outlet, and 
means mounted for cooperation with said nozzle to 
control the amount of discharge from the nozzle and 
thereby the position of said valve actuating means, the 
nozzle and nozzle control means being related to allow 
the discharge of a substantially uniform rate of gas, 
though the valve actuating means is in a position in which 
the supply valve is closed, 

10. A gas flow and pressure control device adapted 
for disposition in a loop circuit for a pressurized flying 
suit, said device comprising a body having a gas source 
inlet, an outlet and an inlet for a loop circuit in com 
munication with each other, a supply valve in communi 
cation with the gas source inlet for discharging gas, 
When open, to said outlet, pressure responsive valve actuat 
ing means, having a side thereof in communication with 
the gas source inlet, connected to the supply valve, a 
pressure regulator in communuication with said side of 
the valve actuating means to provide gas having a pre 
determined pressure to such side, the opening and closing 
of the valve depending upon the position of the valve 
actuating means, and a control circuit for maintaining a 
desired pressure at said outlet with respect to the varying 
pressure of the ambient atmosphere, and alternately and 
automatically, for maintaining the pressure independently 
of varying ambient pressure when the desired minimum 
pressure at said outlet exceeds the pressure of the am 
bient atmosphere, said control circuit comprising an ad 
justable orifice in communication with the aforesaid side 
of the valve actuating means, a nozzle in communication . 
with said orifice and the opposite side of said valve 
actuating means discharging gas to said outlet, and means 
mounted for cooperation with said nozzle to control the 
amount of discharge from the nozzle and thereby the 
position of said valve actuating means, the nozzle and 
the nozzie control means being related to allow the dis 
charge of gas in an amount sufficient for average respira 
tory needs, though the valve actuating means is in a posi 
tion in which the supply valve is closed. 

11. A gas flow and pressure control device adapted 
for disposition in a loop circuit, said device comprising 
a body having a gas source inlet, an outlet and an inlet 
for a loop circuit in communication with each other, a 
Supply valve in communication with the gas source inlet 
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for discharging gas, when open, to said outlet, pressure 
responsive valve actuating means, having a side thereof 
in communication with the gas source inlet, connected 
to the supply valve, a relief valve, said relief valve also 
being connected to the valve actuating means, the open 
ing and closing of the valves depending upon the posi 
tion of the valve actuating means, and a control circuit 
for maintaining a desired pressure at said outlet with 
respect to the varying pressure of the ambient atmos 
phere, and alternately and automatically, for maintain 
ing the pressure independently of varying ambient pres 
sure, said control circuit including a nozzle in com 
munication with opposite sides of said valve actuating 
means, said nozzle discharging gas to said outlet, and 
means mounted for cooperation with said nozzle to 
control the amount of discharge from the nozzle and 
thereby the position of said valve actuating means, the 
nozzle and the nozzle control means being related to 
allow the discharge of a substantially uniform rate of 
gas, though the valve actuating means is in a position 
in which the supply and relief valves are closed. 

12. A gas flow and pressure control device adapted for 
disposition in a loop circuit for a pressurized flying suit, 
said device comprising a body having a gas source inlet, 
an outlet and an inlet for a loop circuit in communica 
tion with each other, a supply valve in communication 
with the gas source inlet for discharging gas, when open, 
to said outlet, pressure responsive valve actuating means, 
having a side thereof in communication with the gas 
source inlet, connected to the supply valve, a relief valve, 
said relief valve also being connected to the valve actuat 
ing means, a pressure regulator in communication with 
said side of the valve actuating means to provide gas 
having a predetermined pressure to such side, the open 
ing and closing of the valves depending upon the posi 
tion of the valve actuating means, and a control circuit 
for maintaining a desired pressure at said outlet with 
respect to the varying pressure of the ambient atmos 
phere, and alternately and automatically, for maintain 
ing the pressure independently of varying ambient pres 
sure when the desired minimum pressure at said outlet 
exceeds the pressure of the ambient atmosphere, said 
control circuit comprising an adjustable orifice in com 
munication with the aforesaid side of the valve actuat 
ing means, a nozzle in communication with said orifice 
and the opposite side of said valve actuating means dis 
charging gas to said outlet, and means mounted for 
cooperation with said nozzle to control the amount of 
discharge from the nozzle and thereby the position of 
said valve actuating means, the nozzle and the nozzle 
control means being related to allow the discharge of 
gas in an amount sufficient for average respiratory needs, 
though the valve actuating diaphragm is in a position 
in which the supply and relief waives are closed. 

13. A gas flow and pressure control device comprising 
a body having an inlet, an outlet, a supply valve in com 
munication with the inlet for discharging gas, when open, 
to the outlet, pressure responsive valve actuating means, 
having a side thereof in communication with the inlet, 
connected to the supply valve, the opening and closing 
of the valve depending upon the position of the valve 
actuating means, and a control circuit for maintaining 
a desired pressure with respect to the varying pressure 
of the ambient atmosphere, and alternately and auto 
matically, for maintaining the desired pressure independ 
ently of varying ambient pressure, said control circuit 
comprising a nozzle in communication with opposite 
sides of said valve actuating means, said nozzle dis 
charging gas to said outlet, means mounted for co 
operation with said nozzle to control the amount of 
discharge from the nozzle and thereby the position of 
said valve actuating means, the nozzle and the nozzle 
control means being related to allow the discharge of a 
Substantially uniform rate of gas, though the valve actuat 
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4 
ing means is in a position in which the supply valve is 
closed, a differential pressure sensing element exposed 
to and responsive to the pressure of the ambient atmos 
phere for actuating the nozzle control means, said pres 
sure sensing element being rendered inoperable when 
the desired minimum pressure exceeds the pressure of 
the ambient atmosphere, and an absolute pressure sens 
ing element responsive to pressure variations within the 
device for actuating said nozzle control means, said 
absolute pressure sensing element being operable inde 
pendently of the pressure of the ambient atmosphere and 
when the desired minimum pressure within the device 
exceeds the pressure of the ambient atmosphere. 

14. A gas flow and pressure control device comprising: 
a body having an inlet, an outlet, a supply valve in com 
munication with the inlet for discharging gas, when open, 
to the outlet, pressure responsive valve actuating means, 
having a side thereof in communication with the inlet, 
connected to the supply valve, a pressure regulator in 
communication with said side of the valve actuating means 
to provide gas having a predetermined pressure to such 
side, the opening and closing of the valve depending upon 
the position of the valve actuating means, and a control 
circuit for maintaining a desired pressure with respect to 
the varying pressure of the ambient atmosphere, and al 
ternately and automatically, for maintaining the desired 
pressure independently of varying ambient pressure when 
the desired minimum pressure exceeds the pressure of 
the ambient atmosphere, said control circuit comprising 
an adjustable orifice in communication with the afore 
said side of the valve actuating means, a nozzle in com 
munication with said orifice and the opposite side of said 
valve actuating means, said nozzle discharging gas to said 
outlet, means mounted for cooperation with said nozzle to 
control the amount of discharge from the nozzle and there 
by the position of said valve actuating means, the nozzle 
and the nozzle control means being related to allow the 
discharge of a substantially uniform rate of gas, though the 
valve actuating means is in a position in which the supply 
valve is closed, a differential pressure sensing element ex 
posed to and responsive to the pressure of the ambient 
atmosphere for actuating the nozzle control means, said 
pressure sensing element being rendered inoperable when 
the desired minimum pressure exceeds the pressure of the 
ambient atmosphere, and an absolute pressure sensing 
element responsive to pressure variations within the de 
vice for actuating said nozzle control means, said absolute 
pressure sensing element being operable independently 
of the pressure of the ambient atmosphere when the de 
sired minimum pressure exceeds the pressure of the ambi 
ent atmosphere. 

15. A gas flow and pressure control device comprising 
a body having an inlet, an outlet, a supply valve in com 
munication with the inlet for discharging gas, when open, 
to the outlet, pressure responsive valve actuating means, 
having a side thereof in communication with the inlet, 
connected to the supply valve, a relief valve, said relief 
valve also being connected to the valve actuating means, 
the opening and closing of the valves depending upon the 
position of the valve actuating means, and a control cir 
cuit for maintaining a desired pressure with respect to 
the varying pressure of the ambient atmosphere, and al 
ternately and automatically, for maintaining the desired 
pressure independently of varying ambient pressure, said 
control circuit comprising a nozzle in communication with 
opposite sides of said valve actuating means, said nozzle 
discharging gas to said outlet, means mounted for coop 
eration with said nozzle to control the amount of dis 
charge from the nozzle and thereby the position of said 
valve actuating means, the nozzle and the nozzle control 
means being related to allow the discharge of a substan 
tially uniform rate of gas, though the supply and relief 
valves are closed, a differential pressure sensing element 
exposed to and responsive to the pressure of the ambient 
atmosphere for actuating the nozzle control means, said 
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pressure sensing element being rendered ineperable when 
the desired minimum pressure exceeds the pressure of the 
ambient atmosphere, and an absolute pressure sensing 
element responsive to pressure variations within the de 
vice for actuating said nozzle control means, said absolute 
pressure sensing element being operable independently of 
the pressure of the ambient atmosphere and when the 
desired minimum pressure within the device exceeds the 
pressure of the ambient atmosphere, 

16. A gas flow and pressure control device comprising 
a body having an inlet, an outlet, a supply valve in con 
munication with the inlet for discharging gas, when open, 
to the outlet, pressure responsive valve actuating means, 
having a side thereof in communication with the inlet, 
connected to the supply valve, a relief valve, said relief 
valve also being connected to the valve actuating means, 
a pressure regulator in communication with said side of 
the valve actuating means to provide gas having a prede 
termined pressure to such side, the opening and closing of 
the valves depending upon the position of the valve actu 
ating means, and a control circuit for maintaining a de 
sired pressure with respect to the varying pressure of the 
ambient atmosphere, and alternately and automatically, 
for maintaining the desired pressure independently of 
varying ambient pressure when the desired minimum pres 
sure exceeds the pressure of the ambient atmosphere, 
said control circuit comprising an adjustable orifice in 
communication with the aforesaid side of the valve actu 
ating means, a nozzle in communication with said orifice 
and the opposite side of said valve actuating means, said 
nozzle discharging gas to said outlet, means mounted for 
cooperation with said nozzle to control the amount of dis 
charge from the nozzle and thereby the position of said 
valve actuating means, the nozzle and the nozzle control 
means being related to allow the discharge of a substan 
tially uniform rate of gas, though the supply and relief 
valves are closed, a differential pressure sensing element 
exposed to and responsive to the pressure of the ambient 
atmosphere for actuating the nozzle control means, said 
pressure sensing element being rendered inoperable when 
the desired minimum pressure exceeds the pressure of the 
ambient atmosphere, and an absolute pressure sensing 
element responsive to pressure variations within the de 
vice for actuating said nozzle control means, said absolute 
pressure sensing element being operable independently of 
the pressure of the ambient atmosphere when the desired 
minimum pressure exceeds the pressure of the ambient 
atmosphere. 

17. A gas flow and pressure control device adapted for 
disposition in a loop circuit for a pressurized flying Suit, 
said device comprising a body having a gas source inlet, 
an outlet and an inlet for a loop circuit in communication 
with each other, a supply valve in communication with 
the gas source inlet for discharging gas, when open, to 
said outlet, a resiliently mounted valve actuating dia 
phragm, having a side thereof in communication with the 
gas source inlet, connected to the supply valve, a pressure 
regulator in communication with said side of the dia 
phragm to provide gas having a predetermined pressure to 
such side, the opening and closing of the valve depending 
upon the position of said diaphragm, and a control circuit 
for maintaining a desired pressure at said outlet with re 
spect to the varying pressure of the ambient atmosphere, 
and alternately and automatically, for maintaining the 
pressure independently of varying ambient pressure when 
the desired minimum pressure at said outlet exceeds the 
pressure of the ambient atmosphere, said control circuit 
comprising an orifice in communication with the aforesaid 
side of the diaphragm, a needle valve adjustably related 
to the orifice, a nozzle in communication with said orifice 
and the opposite side of said diaphragm, said nozzle dis 
charging gas to said outlet, a flapper, having an extension, 
pivotally and resiliently mounted for cooperation with said 
nozzle to control the amount of discharge from the nozzle 
and thereby the position of said diaphragm, an ambient 

O 

20 

30 

35 

40 

50 

5 5 

60 

65 

70 

75 

16 
pressure sensing diaphragm exposed to and responsive to 
the pressure of the ambient atmosphere for actuating the 
flapper, said pressure sensing diaphragm being rendered 
inoperable when the desired minimum pressure exceeds 
the pressure of the ambient atmosphere, and an aneroid 
element responsive to pressure variations within the de 
vice for engaging said extension and actuating the flapper, 
the aneroid element being operable independently of the 
pressure of the ambient atmosphere and only when the 
desired minimum pressure exceeds the pressure of the am 
bient atmosphere. 

18. A gas flow and pressure control device adapted for 
disposition in a loop circuit for a pressurized flying Suit, 
said device comprising a body having a gas source inlet, 
an outlet and an inlet for a loop circuit in communication 
with each other, a supply valve in communication with 
the gas source inlet for discharging gas, when open, to the 
outlet, a resiliently mounted valve actuating diaphragm, 
having a side thereof in communication with the gas source 
inlet, connected to the supply valve, a relief valve con 
nected to said diaphragm, a pressure regulator in com 
munication with said side of the diaphragm to provide gas 
having a predetermined pressure to such side, the open 
ing and closing of the valves depending upon the position 
of said diaphragm, and a control circuit for maintaining a 
desired pressure at said outlet with respect to the varying 
pressure of the ambient atmosphere, and alternately and 
automatically, for maintaining the pressure independently 
of varying ambient pressure when the desired minimum 
pressure at said outlet exceeds the pressure of the am 
bient atmosphere, said control circuit comprising an ori 
fice in communication with the aforesaid side of the dia 
phragm, a needle valve adjustably related to the orifice, a 
nozzle in communication with said orifice and the oppo 
site side of said diaphragm, said nozzle discharging gas to 
said outlet, a flapper, having an extension, pivotally and 
resiliently mounted for cooperation with said nozzle to 
control the amount of discharge from the nozzle and there 
by the position of said diaphragm, an ambient pressure 
sensing diaphragm exposed to and responsive to the pres 
Sure of the ambient atmosphere for actuating the flapper, 
said pressure sensing diaphragm being rendered inoper 
able when the desired minimum pressure exceeds the pres 
Sure of the ambient atmosphere, and an aneroid element 
responsive to pressure variations within the device for en 
gaging said extension and actuating the flapper, the an 
eroid element being operable independently of the pres 
sure of the ambient atmosphere and only when the desired 
minimum pressure exceeds the pressure of the ambient 
atmosphere. 

19. A gas flow and pressure control device adapted for 
disposition in a loop circuit for a pressurized flying suit, 
said device comprising a body having a gas source inlet, 
an outlet and an inlet for a loop circuit in communication 
with each other, a supply valve in communication with the 
gas source inlet for discharging gas, when open, to said 
outlet, a resiliently mounted valve actuating diaphragm, 
having a side thereof in communication with the gas source 
inlet, connected to the supply valve, a pressure regulator : 
in communication with said side of the diaphragm to pro 
vide gas having a predetermined pressure to such side, the 
opening and closing of the valve depending upon the posi 
tion of said diaphragm, and a control circuit for main 
taining a desired pressure at said outlet with respect to the 
varying pressure of the ambient atmosphere, and alter 
nately and automatically, for maintaining the pressure in 
dependently of varying ambient pressure when the desired 
minimum pressure at said outlet exceeds the pressure of 
the ambient atmosphere, said control circuit comprising an 
orifice in communication with the aforesaid side of the 
diaphragm, a needle valve adjustably, related to the ori 
fice, a nozzle in communication with said orifice and the 
opposite side of said diaphragm, said nozzle discharging 
gas to said outlet, a flapper, having an extension, pivotally 
and resiliently mounted for cooperation with said nozzle 
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to control the amount of discharge from the nozzle and 
thereby the position of said diaphragm, the nozzle and 
flapper being related to allow the discharge of gas in an 
amount sufficient for average respiratory needs, though the 
valve actuating diaphragm is in a position in which the 
supply valve is closed, an ambient pressure sensing dia 
phragm exposed to and responsive to the pressure of the 
ambient atmosphere for actuating the flapper, said pres 
sure sensing diaphragm being rendered inoperable when 
the desired minimum pressure exceeds the pressure of the lo 
ambient atmosphere, and an aneroid element responsive 
to pressure variations within the device for engaging said 

18 
extension and actuating said flapper, the aneroid element 
being operable independently of the pressure of the am 
bient atmosphere and only when the desired minimum 
pressure circuit exceeds the pressure of the ambient at 

5 mosphere. 
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